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ABSTRACT
Comparative study on various systems originated from MSr2RECu20z (M-1212; O:s <5 < 1) compounds
(M = AI, Nb, Fe, Ru, Ga and Co and RE = Eu, Y) has been made. The Rietveld refinement is done for all
samples on their respective X-ray diffraction (XRD) patterns, which showed that all compounds are
crystallized in single phase. While, Nb-, Fe-, Ru- and AI-1212 possess tetragonal P4/mmm space group
structure, the Ga-1212 and Co-1212 are crystallized in orthorhombic Ima2 space group. The change of
space group from P4/mmm to Ima2 resulted in doubling of unit cell. The buckling angle [Cu2-02-Cu2
angle Jdetermined, showed that most of the studied samples are under doped and hence they lack super-
conductivity. Thermogravimetric analysis (TGA) showed the M-1212 compounds to be more stable than
widely studied 90 Ksuperconductor Cu-1212 (RE-123). The magnetization behavior of Ga-, Nb- and Al-
1212 follows a Curie-Weiss like behavior due to paramagnetic contribution of Cu. In case ofCo-, Fe-1212
short magnetic correlations/spin-glass like features is seen below 100 K. Different surface morphologies
have been observed from the scanning electron microscopy (SEM) study of all the samples. Efforts are
underway to dope mobile carriers in studied single phase under doped M-1212 (M = Ga, Nb, Fe, Al and
Co) compounds and to introduce superconductivity in them.
1. Introduction
The crystal structure ofa material largely determines its physical
properties. The structures of M-1212 compounds are derived from
RE-123 (REBa2Cu307 RE = rare earths), which have an orthorhom-
bic (Pmmm) structure. Complete replacement of Cu-Ox layer in
RE-123 structure by other metal oxide (MOx) layers results in M-
1212 structure. The superconductivity can be possibly introduced
in these cuprates by carrier doping in CU02 planes by controlling the
oxygen stoichiometry in MOx chains/planes or by replacing M with
aliovalent elements. Also there is a variation in crystal structure
of these M-1212 compounds with different M. Basically the Cu-Ox
chains of Cu-1212 (RE-123) are replaced by Ga04, Co04 and Al04
tetrahedra in Ga-1212 [1,2]. Co-1212 [3] and AI-1212. respectively.
In Ru-1212 and Nb-1212, Cu-Ox chains of RE-123 are replaced by
RU06 and Nb06 octahedra. Instead of popular Pmmm space group
for RE-123, the Ga-1212 and Co-1212 crystallize in orthorhombic
[ma2 space group [1-5,8-10J. There are reports of the presence
of complicated superstructures due to the ordering of two types of
M04 (M = Ga. Co)-tetrahedra chains L-and R-chains where the tetra-
hedra rotate in different ways [11-13 J. This causes the doubling
of a-parameter and ~2 time enlargement in b- and c-parameters
[14]. On the other hand Fe-1212, Nb-1212, Ru-1212 and AI-1212
crystallize in tetragonal P4/mmm.
Superconductivity has been introduced in Ga-1212 [1-2] and
Co-1212 [3-4J by Ca/Mg-doping at RE site and annealing in ultra
high 02-pressure. There are some reports [5-8] which deal with
structure and physical properties ofFe-1212 with various elements
(Y, Gd and Ba) on RE site. In Fe-1212, Fe having variable valency
occupies Cu site of both Cu-O chains (Cul) and of CU02 planes
(Cu2) [5] resulting non-superconducting Fe-1212 in as synthe-
size state. It has been made superconducting by first annealing in
reducing atmosphere around 800°C and then in 02 flow at 350°C
[8.15]. In Ru-1212 both ferromagnetism and superconducting phe-
nomena simultaneously exists at microscopic level. Here RU02
planes are responsible for magnetic ordering. whereas the CU02
planes for the superconductivity [16-17]. The formation kinet-
ics of Ru-1212 with Gd at RE site has been explored in Ref. [17].
Existence of superconductivity in Fe- and Ru-based cuprates indi-
cates that superconducting properties are much more sensitive to
local structural disorder than to magnetic interactions [8,15,16].
The synthesizing conditions are also the key player to realize the
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Fig. 2. Variation unit cell volume with ionic radii of M =AI. Fe, Ru and Nb in their
respective valence state; RE = Eu and Y.
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2. Experimental
Fig. 1. Rietveld refined XRD pattern of air annealed MSr2RECU207+8 samples with
space group P4/mmm; M = Fe. Nb. Ru and AI; RE = Eu and Y.• refers to impurity phase
peak.
In the present work we synthesized our samples by solid-state reaction route.
All the compositions were prepared by using powders with stated purity better than
99.9%. In case ofGaSr2 YCU2 0 7•the stoichiometric mixture ofGa20 3•SrC03.Y203. and
CuO was ground thoroughly. calcined at 950°C for 24 h and then sintered at 980°C
and 1000 °C for 24 h with intermediate grindings. Finally the powder was palletized
and re-sintered at 1010 °C for 24 h in air. For NbSr2 EUCU20S. the stoichiometric mix-
ture ofNb20 s•SrC03•EU203. and CuO was ground thoroughly, calcined at 980°C for
24 h and then sintered at 1000°Cand 1050°C in air for 24 h with intermediate grind-
ings. In case of FeSr2 YCU20S. the stoichiometric mixture of Fe304. SrC03. Y203, and
CuO was ground and calcined at 980°C for 12 h with subsequent sintering at 1000 °C
and 1020°C in air for 24h with intermediate grindings. For AlSr2YCu207, the stoi-
chiometric mixture ofAI20 3, SrC03. Y203. and CuO was ground thoroughly, calcined
structure and to make compounds superconducting. The synthe-
sis of NbjRu-1212 with heavier rare earths, i.e. NbjRuSr2YCu208
requires high-pressure-high-temperature (HPHT) [16], while the
NbjRuSr2EuCu208 can be with normal solid-state reaction route. In
the present article we inter compare the structural details of these
systems at one place. The synthesis conditions are optimized for
the pure phase compounds and their structural details along with
magnetization are reported. The structural details of synthesized
M-1212 compounds with M =Nb, Fe, AI, Ru, Ga and Co and RE =Eu,
Ydemonstrates the versatility ofthe RE:123 unit cell.
3. Results and discussion
at 900°C for 12 h and then sintered at 950°C and 980 °C for 15 h with intermedi-
ate grindings. In composition RuSr2EuCu20S, the stoichiometric mixture of RU02,
SrC03, EU203. and CuO were ground thoroughly. After first calcination at 1000 °C for
12 h the resultant powder was sintered at 1020°C. Finally the palletized material
was sintered at 1050°C for 24 h. Similarly for CoSr2 YCU207, the stoichiometric mix-
ture ofC030 4• SrC03, Y20 3. and CuO was ground thoroughly, calcined at 900°C for
12 h and then sintered at 950°C and 1000 °C for 15 h with intermediate grindings.
The final sintering temperature was decided in steps of 20°C increase every time
and the successive X-ray quality of the samples. It is worth mentioning that final
sintering temperatures of these compounds vary from 980°C for Fe-1212 to 1050°C
for Nb-1212. For HPHT synthesis powders of Nb02, Sr02, SrCu02. Y20 3 and CuO
were taken in stoichiometric ratio. About 300 mg of starting mixture was sealed in
a gold capsule and allowed to react in a flat-belt type with the pressure of6Gpa at
1200-1300 °C for 3 h. then quenched to room temperature. The HPHT synthesis was
done at NIMS Japan. The phase formation was checked for each sample with Rigaku
powder diffractometer (Cu-Ka radiation). The X-ray diffraction data were collected
at room temperature. The phase purity and lattice parameter, refining was done by
Rietveld refinement programme (Fullprofversion). The 02-Cu-02 bond angle were
calculated from Rietveld refinement and Gaussian-98 software. The magnetization
measurements were carried out on Quantum Design SQUID magnetometer MPMS-
XL. The thermogravimetric analysis was carried out on a METTLER TOLEDO TGA/DSC
clubbed system.
The M-1212 structure can be viewed as (Ba,Sr)OjCu02jREj
Cu02j(Ba,Sr)0 slabs are interconnected through a sheet of M and
a with variable composition of Max. The oxygen sites in the CU02
planes are identified as 02 and 03. The oxygen site in the SrO plane
is termed as 04. The Max chainsjplanes oxygen sites are termed as
01 and 05. The RE plane is devoid of oxygen. In tetragonal M-1212
structure oxygen sites 02, 03 and 01, 05 are indistinguishable.
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Table 1
Rietveld refined lattice parameters (a, b and c). volume. 02-Cu-02 angle, occupancy (01) and Wyckoff positions of MSr2RECu207.8 samples with space group P4/mmm;
M =Nb, Fe, Ru and AI; RE= Eu and Y.
Sample Nb-1212 (Y) Nb-1212 (Eu) Fe-1212 AI-1212 Ru-1212 (Eu)
alA) 3.863 (1) 3.873 (2) 3.821 (1) 3.844 (2) 3.845 (2)
b(A) 3.863 (1) 3.873 (2) 3.821 (1) 3.844 (2) 3.845 (2)
c(A) 11.605 (7) 11.629 (8) 11.361 (4) 11.221 (3) 11.565 (5)
V(A3) 173.177 (3) 174.423 (4) 165.878 (8) 165.831 (4) 170.964 (2)
Rp 4.21 4.12 2.45 4.80 4.18
Rwp 5.10 6.30 3.34 7.01 5.55
Chi2 3.20 4.83 2.20 8.79 4.69
Angle (0) 02-Cu-02 166.21 (4) 165.18 (4) 165.81 (1) 166.44 (1) 164.30 (5)
Occu.01 1.916 1.867 1.847 1.893 1.906
Sr(z) 0.196 (3) 0.180(1) 0.181 (4) 0.193(2) 0.175(1)
Cu(z) 0.361 (8) 0.358 (1) 0.350 (4) 0.348(1) 0.353 (6)
02(z) 0.389(1) 0.377 (1) 0.377 (4) 0.364 (8) 0.391 (8)
O3(z) 0.177(4) 0.156 (5) 0.164 (3) 0.123(6) 0.180(1)
1.02
1.00
0.98
'"
'"
'" 0.96~
"C
..
•!::l 0.94..
E -f<- Gal212
..
-0- Fel212QZ 0.92
-b.- Col212
0.90
-0- Cul212
0.88
400 500 600 700 800 900 1000 1100 1200
Temllerature(oC)1111 I
e 0 Observed
--Calculated 1tm2
--Difference
Bragg Position CoSr2YCu 207
20 30 40 50 60
2 Theta(Deg.)
70 80
Fig.4. Variation of normalized mass with temperature in air with heating rate 20°C
per minute. Arrows indicate weight loss occurrence in M-1212 (M =Fe, Ga and Co)
after 1000°C in comparison to Cu-1212.
Fig. 3. Rietveld refined XRD pattern of air annealed MSr2 YCU207+8 samples with
space group Ima2; M~Ga and Co.
In case of MSr2RECu207+8 (M=Nb, Fe AI and Ru; RE=Y, Eu), all
the samples are crystallized in tetragonal P4/mmm space group.
The Rietveld analysis confirmed that the samples to be single phase
(Fig. 1). Small impurity peaks are detected in Nb-1212 (Eu) and AI-
1212, which may be due to EuNb80 14 (31.71"), EuNb04 (32.15°) in
Nb-1212 (Eu) and SrAI20 4 (29.16°), SrAI40 7(32.30°) in AI-1212. The
coordinate positions, lattice parameters and volume for all these
samples are tabulated in Table 1 The M atom occupies la site with
position (000). Sr with (i i z) have 2 h site and RE (Eu/Y) goes to
the site 1d (i i i). Cu and 04 occupies 2 g site with position (00 z).
02,03 occupies 4i site with position i 0 z while 01,05 with site 2f
and position (0 i 0).
The samples synthesized through HPHT route have smaller lat-
tice parameters and volume than that of the normal pressure
solid-state route, see Table 1. This is due to the extreme pres-
sure and lower ionic radii of y3+ (1.019 A) than Eu3+ (1.066 A) in
coordination number (CN =8). High pressure is necessary for struc-
ture formation with Y in case of both Nb and Ru [16]. The refined
lattice parameters are in accordance with ionic radii of the M
[Nb4+/5+ (0.68A/0.64A CN=6), Fe3+ (0.55A low spin, CN=6) and
A13+ (0.535 A CN =6)] with their valance and corresponding oxi-
dation states. The lattice parameters are largest for Nb-1212 (Eu)
and smallest for AI-1212 [Table 1]. The variation of volume with
ionic radii for various studied M-1212 is depicted in Fig. 2. The oxy-
gen content 01 in Nb-1212 (Eu) is slightly less than as in closed
cell HPHT synthesized Nb-1212 (Y). For HPHT samples, the oxygen
content can be nominally fixed [16J. The Fe-1212 case is more inter-
esting because even though Fe a ferromagnetic element in unit cell
still it exhibits superconductivity [15], But this superconductivity
is tricky and happens only when Fe stays at Cul-chain site [15].ln
fact mostly Fe with variable ionic state replaces partly Cu2-plane
site up to 47% in oxygen atmosphere and causes disappearance of
superconductivity [10]. Slater and Greaves [19] reported that the
replacement by Fe at Cu2 site only up to 14%. This shows that the
percentage of replacement by Fe at Cu2 site is variable and is depen-
dent on the synthesizing conditions [10,15,19]. However, the well
fitted Rietveld refined X-ray diffraction pattern of studied sample
shows no replacement by Fe at Cu2 site, see Fig. 1. This could be
due to nearly equal scattering factors of Fe and Cu for diffracted
X-rays. The neutron diffraction and Mossbauer spectroscopy can
only resolve the issue of intermixing of Fe at Cul and Cu2 sites
Table 2
Rietveld refined lattice parameters (a, b and c), volume, 02-Cu-02 angle, occupancy(Ol, 05) and Wyckoffpositions ofMSr2YCU207 samples
with space group Ima2; M=Ga and Co.
Sample Ga-1212 Co-1212
a(A)
b (A)
c(A)
v(A3)
Rp
Rwp
Chi2
Occupancy (01, 05)
M(y,z)
Sr(x,y,z)
Y(x,y,z)
Cu(x,y,z)
01 (y,z)
05(y,z)
02(x,y,z)
03(x,y,z)
04(x,y,z)
22.797 (1)
5.481 (2)
5.393 (2)
673.861 (1)
3.82
4.63
4.83
0.67,0.35
0.25,0.578 (6), 0.092 (1)
0.350 (1),0.013 (1),0.047 (1)
0, 0, 0.041 (1)
0.427 (4), 0.002 (4), 0.541 (2)
0.25,0.694 (2), 0.465 (4)
0.25,0.443 (4),0.400 (1)
0.439 (2), 0.789 (5), 0.273 (5)
0.435 (1),0.263 (9), 0.753 (1)
0.330 (8), 0.456 (4),0.007 (6)
22.782 (1)
5.451 (1)
5.409 (1)
671.748 (2)
2.32
3.12
2.80
0.66,0.34
0.25,0.537 (1),0.067 (7)
0.348 (2), 0.004 (1),0.004 (2)
0,0,0
0.426 (8), 0.005 (3), 0.494 (7)
0.25,0.648 (9), 0.354 (7)
0.25,0.590 (6), 0.593 (2)
0.435 (6), 0.742 (2), 0.245 (8)
0.436 (2), 0.242 (4),0.747 (9)
0.324 (1),0.478 (3), 0.031 (1)
in Fe-1212 structure [10,15,19]. On the other hand aluminium ion
replaces Cu1 in Cu-Ox chains with Al02 sheets of AI04 tetrahedra.
The XRD pattern is fitted in P4/mmm tetragonal space group, see
Fig. 1. It suggests that Al04 tetrahedra are not oriented as Ga04
and C004 in Ga-1212 and Co-1212 forming L- and R-chains (to
be discussed next). HRTEM (high resolution transmission electron
microscopy) studies made by Ramirez [12] suggested that these
chains are present in AI-1212 as well but in short range ordered
form. This also comes out from our Rietveld refinement that posi-
tion (0.54771) of01 atom is displaced (Table 1) from mid indicating
towards orthorhombic distortion. Seemingly the AI-1212 is border
line case between P4/mmm space group Fe-, Nb-, Ru-1212 and Ima2
stabilized Ga-, Co-1212 (to be discussed next).
Unlike the Fe-, Nb-, Ru-1212, the Ga and Co-1212 (Ga-,
CoSr2YCu207 ) are crystallized in orthorhombic Ima2 (No. 46) space
group. Rietveld analysis shows good agreement in fitted and
observed data, see Fig. 3. The coordinate positions, lattice param-
eters and volume for these samples are tabulated in Table 2. Y is
displaced from (0, 0, 0) site to (0, 0, z) site in Ga-1212. Co/Ga, 01
and 05 occupies the (!' y, z) position while all the other atoms at
the variant (x, y, z) position. The large unit cell can be derived from
6ap x y'2bp x y'2cp where ap, bp and cp are the unit cell parameters
of normal cubic pervoskite. The unit cell is doubled in comparison
to other M-1212 (M = Cu, Nb, Fe, Ru, etc.) structures. This is due to
the tendency of the Ga/Co-O planes being arranged in non-centro-
symmetrical fashion within one unit cell [3,13]. It can be described
as the intergrowth of double rock-salt layers MOxSrO with double
oxygen deficient pervoskite layers ofSrYCu20s. The lattice parame-
ters (a and b) ofGa1212, are larger than that ofCo-1212, see Table 2.
This suggests that Co is in 4+ state because the ionic radii of Ga3+
(0.47 A) is bigger than C04+ (0.40 A) in existing coordination state
of 4. However, there is reverse situation with c-parameter, which
is due to displacement of Ga from (0, 0, 0) to (0, 0, z) position in
Ga-1212. Perhaps Ga-1212 indicates distortion towards tetragonal
P4/mmm space group. The results from Tables 1 and 2 clearly indi-
cate towards border line situation for AI-1212 and Ga-1212. Their
(Ga-, AI-1212) existing space groups may alter with slight changes
in heat treatments. It is clear from our structural refinement results
(Figs. 1 and 2 and Tables 1 and 2), that though Fe-, Nb-, Ru-1212
crystallize in P4/mmm space group, the Co-1212 is clearly crystal-
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Fig. 5. The scanning electron microscope (SEM) pictures of all the studied M-1212: (a) AlSr2YCu207+!. (b) CoSr2YCu207. (c) FeSr2YCu207+!. (d) GaSr2YCu207. (e)
NbSr2EuCu207+8. and (f) RuSr2EuCu207+8·
0.18
FeSr2YCu 207+6CoSr2YCup7
(a) 4.5 (b)
0.4
0.17 -~ T = 5 K0 4.0 /0 ty ~O.2:§ 0.16 0 ~ 1 7 :§ 3.5= eE 0 ~ 700 = ~ ..e.o.o"10) 0.15 E 3.0 :;:0 0) '-.:.0.23 0 600 § 'b.. 0 0 150 300 2.5 ZFC 4.'-"' 014 T(K) ~:; .
~ 100
0.13 2.0
1.5
0.12
H = 100 Oe 1.0 H = 100 Oe
0.11
0 100 200 300 0 50 100 150 200 250
T(K) T(K)
0.25
GaSr
2
YCu
2
0
7
(c) 1.4 (d)
1.2 66 RuSr2EuCu2Om0.20 ;IZJ ~1.0 ,--- ,.... FC A.A.A.A.OJ) ..!1.D-- 0.8 ,= 0.15 =e E ,0) "10) 0.6I ~
C c \3. 0.10 0 30 60 90 ~ 0.4T(K):;; ~ 0.2
ZFC L.L.~
0.05 0.0 ""6"''''''''''''''''''' 6g
-0.2
/;
t.H = 10 Oe t. H =1000e
0.00 -0.4
0 20 40 60 80 0 40 80 120 160
T(K) T(K)
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lize inlma2 space group. Further the Ga-. AI-1212 are the border line
cases with in both space groups, i.e. P4/mmm and Ima2, and could
change over from one to another with slight changes in heating
schedule, etc.
As number of holes increases in CU02 planes, the Cu2+ config-
uration tends to Cu3+. Cu2+ configuration in copper-oxide planes
results in puckered 02-Cu-02 bond angles of165° ; Cu3+ configura-
tion result in linear bond angle 180° [18]. The 02-Cu-02 bond angle
calculated for various M-1212 samples are given in Tables 1 and 2.
All of these are below 170°. This indicates that the samples are
under doped and hence can be non-superconducting. But, super-
conductivity is not related with overall p-type (hole) carriers
without putting the right emphasis on structural changes [19-21].
Also, it should be mentioned here the fact that Te/conductivity
increases with holes in CU02 planes in oxygen deficient 1212 sys-
tems but decreases in fully oxygenated 1212 systems [21-24].
Existence of superconductivity in Ru-1212 is analogous with it
see Fig. 6d. We can conclude that samples with M (Ga, AI, Co, Fe
and Nb) are under doped and oxygen deficient hence they lack
superconductivity. While sample with Ru is although under doped
but is oxygenated to that extent that, it can be superconducting.
Seemingly the M-Ox blocks in various M-1212 are more robust as
stoichiometric M-04 (Ga, AI, Co) and M-06 (Fe, Nb, Ru) blocks than
the versatile carrier reservoir Cu-Ox chains in Cu-1212.
It is known that the Cu-1212 structure being viewed as
(Ba,Sr)O/Cu02/RE/Cu02/(Ba,Sr)O stacking, possesses variable oxy-
gen in Cu-Ox chains and whereas the other planes such as
Ba-O/Sr-O, and CU-02 are oxygen stoichiometric before struc-
tural break down. We carried out the thermo gravimetric analysis
(weight loss experiments during heating) on various M-1212 sam-
ples with M = Cu, Fe, Co and Ga to inter compare the stability of
the Cu-Ox chains with that of (Fe, Co, Ga)-06{4 octa/tetrahedrons.
The heating is performed in air atmosphere at a rate of 20°C per
minute. The results are shown in Fig. 4. As can be seen from this
figure, though the Cu-1212 sample shows substantial weight loss
of~10%, whereas the Fe-, Co- and Ga-1212 are relatively intact and
very small weight loss (~2%) is observed till 1000 0c. Even though
the three different systems of Fe, Co and Ga show weight loss more
or less at same temperature the most stable system out of these
three systems seems to be Fe-1212. We can correlate the loss of
oxygen with M-Ox blocks/Cu-Ox chains since these blocks/chains
are more prone to lose/gain oxygen within their respective unit
cell [25,261. Though these relatively fast runs cannot be used for
exact oxygen determinations, the same clearly show the relative
stability of M-Ox blocks (weight loss of about 2%) in M-1212 in
comparison to the Cu-Ox chains (weight loss of about 10%) in Cu-
1212. To know exact oxygen content of these compounds, the slow
rate and heavily reduced TGA runs are to be carried out in near
future. The same as being done earlier by Matvejeff et al. [26] for
Ru-1212 and 1222 compounds. Due to relative better stability of
M-Ox blocks in studied M-1212 than the Cu-Ox chains of widely
studied 90 Ksuperconductor Cu-1212 (RE-123), the carrier doping
is though difficult in the former but if once achieved will be stable
than the latter and good for long term practical applications. Our
next target is to dope mobile carriers in these stable systems and
achieve high temperature bulk superconductivity in them.
The scanning electron microscope (SEM) pictures of all the
studied M-1212 samples are depicted in Fig. 5(a-f) at same magni-
fication. In the first Image 5(a) for AI-1212, some sort of melting has
taken place. Grains are very much diffused into each other giving
rise to a very dense arrangement ofthe grains. Distinct growth pat-
tern (platelets type) can be observed, which is otherwise not seen in
any other images. In case ofCo-1212, the grains again look to be well
inter-diffused, but the grain formation does not look very distinct.
Also the grain size seems to have reduced. This sample looks to be
a little more porous than that of the AI-1212. The Fe-1212 shows a
very normal grain structure. For this particular sample the growth
is in the form of clusters of various grains. There is no systematic
grain growth for Ga-1212, in fact few loosely held particles can also
be seen in the image. Thus we observe a very broad grain size dis-
tribution profile. For the Nb-1212, very uniform narrow grain size
distribution is observed. Also the density of the sample is very good
and their pore and pore size distribution seems to be very narrow,
i.e. uniform. Thus we say that clear grain boundaries can be seen
in Co-, Fe-, Nb-1212 [Fig. 5(b), (c), and (e)] and it looks like these
bears same morphology except the smaller grain size of Nb-1212
(Eu) system. The Ru-1212 (Eu) sample shows the inhomogeneous
grain growth with very poor interdiffusivity, which shows that the
sample is porous. More or less it is similar to the Ga-1212 samples.
We conclude that since the structure as well as the morphology of
all the samples is very much different from each other. Therefore,
it might also lead to the variation in other physical properties.
The magnetization behavior ofCo-1212, Ga-1212 and Fe-1212
[Fig. 6(a)-(c)] follows a Curie-Weiss like behavior but in different
temperature ranges, which are due to paramagnetic contribution
of Co, Cu and Fe, spins respectively. In Co-1212 this law is followed
in the temperature range of 150-300 K however there is an anti-
ferromagnetic ordering in a very small range near 200 K, which can
be due to Cu spins. Below 150 Kthere is a spin-glass or canted fer-
romagnetism type broad down-turn is observed in magnetization
measurement, which is dominated by the paramagnetic contribu-
tion below 50 K[5]. For Fe-1212 the paramagnetic to ferromagnetic
transition occurs around 80 K in zero field cooled (ZFC) M-T plot.
Interestingly, the field cooled (FC) M-T curve is similar to the results
reported by Luo et al. [27] for x = 0.4 composition where magnetic
properties were correlated with increase in hole concentration of
CoOx layers or increase in charge state of Co. This behavior reveals
that most of Fe is in 3+ state which is also much clear from our
Rietveld refinement. Similar conclusion has been pointed out in
neutron diffraction and Mossbauer study by Karppinen et al. [10]
indicating that compound might lack in superconducting charge
carriers. There is a weak ferromagnetic ordering in the temperature
range 80-60 Kbut in lower temperature region paramagnetic Fe3+
spins take over weak ferromagnetic Fe spins which is also inferred
from M-H plot [see inset Fig. 6(b)]. Paramagnetic nature ofGa-1212
compound below 80 K is due to the possible paramagnetic order-
ingofCu spins since Ga has non-magnetic nature. The different M-T
behavior ofGa-1212 and Co-1212 having same structure indicates
that magnetic nature of individual affects whole compound behav-
ior largely in non-superconducting compounds. The magnetization
as a function of temperature for Ru-1212 (Eu) at 1000e [Fig. 6(d)]
shows a clear diamagnetic signal at very low temperature.
4. Conclusions
We synthesized almost single phase samples of 1212 type with
different MOx layers which shows the great flexibility of these rock-
salt layers and variable structure formation. With different M, as the
oxidation state and ionic state changes, carrier concentration and
structure changes as well. While, Nb-, Fe-, Ru- and AI-1212 pos-
sess tetragonal P4fmmm space group structure, the Ga-1212 and
Co-1212 are crystallized in orthorhombic [ma2 space group. The
02-Cu-02 bond angle calculation shows samples are under doped
and could not be superconducting. The magnetization measure-
ments are also supportive with it in case of some samples. The TGA
infers that in the M-1212 compounds M-Ox blocks are much more
stable than Cu-Ox chains in Cu-1212. Although the carrier doping
is difficult in the former but if once achieved will be stable than
the latter and good for long term practical applications. From SEM
studies we say that the morphology for all the samples is different
from each other.
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